Background: Musculoskeletal disorders (MSD) is the second most common cause of disability. MSD due to the occupation are called work-related musculoskeletal disorders (WMSD) and are common among dentists. Objective: Assess the prevalence of self-reported work-related musculoskeletal disorders (WMSD) and to identify associated ergonomic practice among dentists practicing in Jeddah City, Saudi Arabia. Methods: Dentists practicing in Jeddah were invited to participate in this cross-sectional study using a self-administered survey. The survey consisted of 20 close-ended questions. The survey included questions regarding demographics, dental practice, general health status, exercising, ergonomic practice, musculoskeletal pain location, the severity of pain using a numeric pain rating scale (0-10), interventions sought, and missed work due to WMSD. Results: A sample of 234 dentists participated in this study. Prevalence of WMSD was found to be 70%. The most common location for WMSD pain was in the low back (85%) and neck (84.6%). Female dentists and dentists not exercising regularly had an increased risk of WMSD. The prevalence of CTS was 9%, and its risk increased with age and practicing in the private sector. Among the dental specialties, the least to report WMSD or CTS were maxillofacial surgeons and orthodontists. The reported ergonomic practice reached as low as 24%. Conclusion: Work-related musculoskeletal disorders and inadequate ergonomic practices were common. Ergonomics training intervention programs targeting dentists is suggested as a preventive measure for longer and healthier career lives.
Introduction
The Center for Disease Control and Prevention in the USA defines musculoskeletal disorders (MSD) as "injuries or disorders of the muscles, nerves, tendons, joints, cartilage, and spinal discs." 1 The Global Burden Disease Study recognized MSD as the second most common cause for disability, with the most prevalent condition being low back pain (42.9% increase in years lived with disability from 1999 to 2010). 2 Musculoskeletal disorders due to the occupation are called work-related musculoskeletal disorders (WMSD) and are common among dentists. 3 This is attributed to the nature of dental work being in a restricted field, sitting for a prolonged time with an awkward body position, and using heavy forces in repetitive movements compounded by a lack of recovery breaks and exercises. WMSD may also affect dentists' quality of life negatively and lead to early retirement. 4 Carpal tunnel syndrome (CTS) is caused by compression of the median nerve in the carpal tunnel manifested as pain, and numbness in fingers innervated by the median nerve. 5 It is more common in the dominant hand. The etiology of CTS is mostly idiopathic, but predisposing factors include repetitive movements, injury or trauma, and pregnancy. Recent research indicates that dentists have a higher risk of developing CTS due to frequent pressure from wrist movements, thus causing inflammation of bending tendons and compression of the median nerve. 6 Hayes et al systematic review reported a high prevalence of WMSD among dental professionals, ranging between 64% and 93%. For dentists, the authors found that back pain was the most prevalent region for pain (36.3-60.1%) followed by neck pain (19.8-85%), whereas for dental hygienists, hand and wrist pain were the most prevalent (60-69.5%). 4 A higher occurrence of severe WMSD pain was found in women, with a higher prevalence of wrist pain among oral surgeons compared to other dental professionals. 7 The prevalence of CTS ranged from 10.3% 8 to 86% among dentists. 9 It increased with age and working hours per week. 6 During the last decade, several studies investigated the prevalence of WMSD or CTS among practicing dentists in Australia, 10 Brazil, 11 China, 12 Czech Republic, 13 India, 9 Iran, 14 Pakistan, 8 Spain, 7 Taiwan, 15 and Turkey. 16 Studies investigating MSD in Saudi Arabia focused either on dental students as the population of interest, 17, 18 or in specific regions of Saudi Arabia as Riyadh, 19, 20 and Hail. 21 A high prevalence of WMSD (90.2%) was reported among dentists practicing in Riyadh. Pain in the low back (68.1%) was the most prevalent location of pain, followed by neck pain (34.3%). General dentists and maxillofacial surgeons reported less WMSD than other specialties. Risk factors that significantly increased the odds of low back and shoulder pain were age, being female, appointment duration, and years of practice. 19 Another study in Riyadh reported that dental students or private sector dentists had double the risk of WMSD compared to the governmental sector dentists. 20 The few studies exploring the prevalence of MSD among Saudi dentists did not examine associated ergonomic practices. There is a need to understand the Saudi ergonomic practices related to WMSD among Saudi dentists. The objectives of this study were to assess the prevalence of self-reported WMSD, including CTS among dentists practicing in Jeddah City, Saudi Arabia, and to identify associated ergonomic practice.
Methods
This cross-sectional study design utilized a self-administered survey of a random sample of dentists practicing in Jeddah City, Saudi Arabia. Invited dentists included those practicing in a dental school setting, governmental hospitals, primary healthcare centers and private dental clinics.
Inclusion criteria for this study were dentists currently practicing in Jeddah. Retired dentists or dental students were excluded from this study, as were dentists practicing outside of Jeddah City. Dentists were invited to participate over a period of 5 months. No compensation was provided for participation in this study. Ethical approval for the study protocol was obtained from King Abdulaziz University Faculty of Dentistry research ethics committee conforming to the principles of Helsinki Declaration. Written informed consent was obtained from dentists who agreed to participate in this survey.
The sample size was calculated using the single proportion formula based on the reported prevalence of WMSD (36%). 4 Population size was set at 2,567, 22 since about 65% of Makkah-region dentists practice in Jeddah out of 3,967 practicing dentists in the Makkah region.
23
Thus, a minimum sample size of 225 dentists was therefore required for this study. Assuming a response rate of 60%, 24 three hundred sixty surveys were planned for distribution.
The survey consisted of 20 close-ended questions divided into four main sections. The first section asked the dentists about demographics (gender, age), type and duration of the dental practice, general health status, and exercise habits. The second section was adopted from Diaz-Caballero et al's questionnaire. 25 It included questions about ergonomic practices, musculoskeletal pain location adopted from Nordic questionnaires for the analysis of musculoskeletal symptoms, 26 and severity of pain using a numeric pain rating scale from 0 (no pain) to 10 (worst pain possible). 27 The third section asked about CTS appropriate, were performed. Kruskal-Wallis test was used to test for differences in terms of the pain rating scale between different categories. Multiple logistic regression models were used to predict dentists experiencing WMSD and CTS. The outcomes of the study were dichotomous variables-dentists reporting having WMSD or CTS versus those not. All hypotheses were tested at a significance level of 0.05.
Results
Of the 360 Saudi dentists practicing in Jeddah who received the surveys, Two hundred thirty-four dentists responded and completed the survey (response rate of 65%). Table 1 shows the demographic distribution of responding dentists in this study sample. Dentists participated almost equally by gender. Three out of four respondents were practicing in the governmental sector. In terms of the specialty of responding dentists, approximately half of the dentists were general or restorative dentists. More than half of the dentists (56%) reported playing a type of sport or exercising; however, only 39% reported doing so on a regular basis. Only 5% of dentists reported having muscular pain due to a chronic medical condition. Seventy percent of dentists in Jeddah reported having MSD due to dental practice. Carpal tunnel syndrome was reported by only 9% of dentists in this study. The three most common locations for WMSD pain were in the low back (85%), and neck (84.6%), followed by the shoulders (81.2%). Female dentists reported significantly more WMSD (Unadjusted Odds Ratio (OR): 2.8, Confidence Interval (CI): 1.5-5.2) and more CTS (OR: 3.5, CI: 1.3-9.4) compared to male dentists. Figure 1 shows the median pain score (0-10) and frequency of MSD symptoms (%) for male and female dentists in this sample. The median pain score was significantly higher for female dentists for neck, shoulders, upper back, elbows, and wrists/hands compared to male dentists.
Dentists practicing in the private sector reported more WMSD (OR: 2.3, CI: 0.8-6.3) and CTS (OR: 3.9, CI: 1.4-10.9) compared to dentists working in the governmental sector. In comparison to general/restorative dentists, the least likely specialty to report WMSD or CTS were maxillofacial surgeons and orthodontists. When comparing the severity of WMSD by pain location among the different dental specialties, the distribution of shoulders pain was significantly different (P: 0.02). Moreover, the severity of shoulders pain was highest among periodontists and lowest among orthodontists (Figure 2 ). Respondents who reported experiencing WMSD were significantly more likely to be a female dentist, more likely to experience pain using vibrating instruments, and more likely to do torsions/cervical flexions for better vision while working. Moreover, as expected, dentists exercising on a regular basis were significantly less likely to report Left-handed 2.6% (6) Both 6.8% (16) having WMSD. In comparison to general/restorative dentists, periodontists were more likely to report WMSD, followed by endodontists. In contrast, maxillofacial surgeons and orthodontists had lower odds of developing WMSD compared to general dentists. However, none of the differences in dental specialties reached statistical significance in the adjusted model of WMSD.
A multiple logistic regression model predicting having CTS versus not having CTS is presented in Table 3 . This logistic regression model was statistically significant, P<0.003. The model explained 31.7% (Nagelkerke R 2 ) of the variance in WMSD and correctly classified 91.8% of cases. Dentists over the age of 35 are five times more likely to report CTS, and dentists in private practices were also five times more likely to develop CTS compared to dentists in the governmental sector. However, gender, hours of work per week, and dental specialty did not appear to be significantly associated with CTS in this sample. Table 4 shows ergonomic practice among dentists in Jeddah. Three out of four respondents reported being familiar with good ergonomic practice in the clinic. However, this familiarity did not translate into using ergonomic practice, as less than one-third did stretching exercises after clinical practice, and only one in four wore dental loupes. Dentists doing any sports or exercises had 50% less the odds of reporting MSD. Moreover, being regular in exercising decreased the odds of MSD ever further by 10%. Dentists who do torsions and cervical flexions for better vision while working had double the odds of reporting MSD compared to dentists who don't. Ergonomic practices that decrease the odds of MSD are wearing dental loupes, positioning the chair to maintain an ergonomic posture, having sufficient light at the workplace, having the instruments within hand's reach, and performing stretching exercises after clinical practice. In terms of interventions sought, dentists with WMSD were more likely to take medications (OR: 2.6, CI: 1.2-5.8) and to attend physical therapy or massage sessions to relieve muscular pain and discomfort (OR: 2.0, CI: 1.1-3.8). In order to relieve muscular pain and discomfort, dentists with a history of CTS were more likely to take medications (OR: 2.5, CI: 1.1-6.2), and to attend physical or massage therapy sessions (OR: 2.7, CI: 1.1-6.6). Surgical treatment was only attempted by dentists suffering from CTS (OR: 6.9, CI: 1.1-44.2). Dentists suffering from WMSD (OR: 4.4, CI: 1.8-10.9) or CTS (OR: 6.0, CI: 2.4-15.1) also correlated to negative impacts on their career life, as they were more likely to miss work due to musculoskeletal pain.
Discussion
In this study, a self-administered survey was distributed to dentists practicing in Jeddah governmental and private dental sectors to investigate the prevalence of WMSD and CTS. The proportion of respondents practicing in the governmental sector was 74%, and this was comparable to the percentage of dentists practicing in the governmental sector in the Makkah region (73%), according to the Saudi Commission for Health Specialists (SCFHS) data. 22 Our study results indicate that 70% of dentists in Jeddah report WMSD, with most of the pain located in the low back, neck, and shoulders. This was comparable to the reported range of MSD prevalence in Hayes et al's systematic review (64-93%), who also found the most prevalent regions for pain in dentists to be the back and neck regions. 4 This prevalence is also comparable to studies conducted in the United Arab Emirates (68%), 29 Hail (78%), 21 and Riyadh (78.5%). 20 On the other hand, AlMohrej et al reported a higher WMSD (90.2%) among dentists in Riyadh. 19 MSD is considered a major occupation related problem affecting dentists' future careers and lives.
Female dentists experienced more WMSD in comparison to male dentists. This is in agreement with the literature. 19, 20, 29, 30 Some studies attributed this gender difference to low muscle tone and strength, hormonal changes, and a higher incidence of osteoporosis among females. 13, 31 However, gender difference, according to the location of the musculoskeletal pain, was not found with regard to middle and low back. In our study, periodontists followed by prosthodontists were more likely to report musculoskeletal pain due to the dental practice. The group least likely to 
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Dental specialies DovePress report WMSD were orthodontists (53%) and maxillofacial surgeons (50%). Likewise, Kazancıoglu et al reported that oral and maxillofacial surgeons do not have a higher risk of MSD compared to general dentists and other dental specialties. 16 Alghadir et al's study found an increased risk of MSD with pediatric dentists. However, their sample neither included oral and maxillofacial surgeons nor general/restorative dentists. 30 Similar to the findings of other studies, 19 those who exercise were less likely to report WMSD. Since periodontists were the specialty with the most reported MSD, using lightweight instruments with larger diameters for scaling and root planning is an evidence-based recommendation suggested by Rempel et al in a randomized controlled trial. 32 In our study, CTS was reported in only in 9.4% of dentists in Jeddah, and no previous published studies investigating CTS among dentists in Saudi Arabia were identified. Our reported CTS prevalence is in agreement with the Khan et al study, who reported that 10% of dentists had clinical symptoms of CTS. 8 Another study Table 2 Multiple logistic regression analysis predicting work-related musculoskeletal disorders. found a higher prevalence of CTS (16.7%) among Isfahanian dentists. 6 In our study, dentists working in private practice had increased risk of CTS. This finding is similar to the results of a study conducted in Riyadh City that demonstrated an increased risk of musculoskeletal symptoms among private sector dentists. 20 In Shaffer et al's study, 57.1% of United States army dental personnel who had electrodiagnostic evidence of median and ulnar neuropathies also had negative physical examination findings. Moreover, no correlation was observed between nerve conduction studies and history/physical examination. 33 This implies that self-reported CTS might be an underestimate of its actual occurrence. The results of this study suggest that many dentists don't practice good dental ergonomics. Ohlendrof et al's kinematic analysis of dentists' postures documented unfavourable occupational postures during dental treatment. 34 Therefore, the role of ergonomics needs to be emphasized, especially among dental students, to avoid the development of later problems and to make it a lifelong habit.
Furthermore, training workshops on ergonomic practice targeting dentists will help raise awareness regarding ergonomic practices and hopefully lessen the negative consequences on dentists' musculoskeletal health. Other evidence-based health promotion activities include promoting exercise for low back pain. 35 A major strength of this study is having a representative sample of practicing dentists evident by comparing the study sample demographics to SCFHS data. Response rate is another strength, since the response rate in our study was above 60%; the recommended threshold for response rate in medical research. 36 This reduces the threat of nonresponse bias and supports the validity of the study. A limitation of this study is reliance on self-reported responses, a possible threat of recall bias. The findings of this study could be generalized to comparable populations.
Conclusion
In conclusion, work-related musculoskeletal disorders are common problems among Jeddah dentists. A higher prevalence of WMSD was found among female dentists, those who do not exercise regularly, those who use vibrating instruments, and those who do cervical flexions for better vision during clinical work. Ergonomic practices that could decrease the odds of developing MSD include wearing dental loupes, ergonomic positioning of the chair, having sufficient lightning, having instruments within reach, and performing stretching exercises after clinical practice. The risk of carpal tunnel syndrome increased with age and among private sector dentists. Pain due to MSD and CTS had a negative impact on dentists evident by increased missed days to work due to pain. Interesting trends in musculoskeletal pain and CTS among dentists practicing in Jeddah suggest developing training intervention programs on ergonomics. This could start by training dental students during their clinical practice and be followed up with continuing education workshops for practicing dentists. Further studies incorporating physical examinations and assessments rather than relying on selfreporting are recommended.
